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Donald E. Emerson
Management Sciences Department
The Rand Corporation
Santa Monica, California

N ABSTRACT

The objectives of this paper are to provide an overview of the TSAR/TSARINA
simulation models, and to illustrate their use with a simple application. The
TSAR/TSARINA simulation models have been developed to provide a method of
evaluating how a wide range of airbase improvement options could increase the
combat capability of airbases during wartime. Following a description of model
highlights, the application of these models is illustrated with some resuits from
a recent analysis. _

1. BACKGROUND These well-recognized problems have led to NATC
plans for generating high sortie rates ("surges”)
In the event of conflict in Central Europe, NATO during the opening days of the conflict and to

plans call for massive air operations to be programs intended to “toughen" the airbases and to
conducted from a Iimited set of large, improve their active defenses. But despite the
semi-autonomous airfields focated in Western accomplishments of the past, many difficulties
Germany and the Benelux countries, with additional still exist and a wide range of possible
arrcraft to be based in the UK. Each base is improvements are under consideration to  help
equipped to provide most necessary organizational mitigate various weaknesses and vulnerabilities.
maintenance and some battle damage repair, as well The diversity of these possibilities is suggested
as much of the intermediate maintenance (parts in Fig. 1.

repair). Over the years, airbase growth has

parallieled the growth in aircraft sophistication, ¢ SELECTIVE HARDENING and/or DISPERSAL OF FACILITIES

and airbases are now complex conglomerates of o IMPROVED RAR, MORE SURFACES, and/er AEDUCED REQUIREMENTS

maintenance specialists, fragile test and repair
facilities, and extensive supply and fuel storage
facilities.

6 INCREASED WAR RESERVE MATERIAL

© MANPOWER POLICIES
In recent years there has also been a dramatic

mproven.net.lt in Warsaw Pact offensive air « REPLACEMENT POLICIF® = + - .®AT LOSSES
capabilities that threatens to  seriously

yeopardize NATO's strategic dependence on atr ®  REVISED MAINTES ANC

support at the outset of a conventional war in

Europe. Air power must not only withstand this o IMPROVED BATTLE DAMAGE REPs - APABILITIES

new challenge of air attacks during the opening

phase of any large scale conventional war, but © IMPROVED INTRA-THEATER TRANSPORTATION

must simultaneously be capable of supporting NATO

ground forces 1n countering the massive ground © IMPROVED THEATER RESOURCE VISIBILITY AND MANAGEMENT

operations expected by the Warsaw Pact.
Fig. 1--Optfons for Enhancing Wartime

Sortie Generation

“ The development and application of the TSAR/TSARINA simulation models has been
supported by Headquarters USAF as a part of the Project AIR FORCE contract with
The Rand Corporation.




I Jaght ot the tiscal
divparste  set of

tplications ot this
trprovement  options, 1t wan
apparent that a method was needed that could  he
used to compare  thenr andividual  and  joint
vontributions to g torce’s  combat capabilities.
Pintortunately  no analytio tools, or simulations,
existed that would permit detailed examinations ot
the impact ot ikely arr sttacks.  To do that gt
would  be  essential net only to analyze all the
ensbase activities that atfedt  sortie  generation
1t sutficrent level ot detasl to capture the
dependencies among the numerous speciatized  types
ot resources,  but also to be able tu include the
benetits that might  be  expected from improved
theater mansgement of available resources. It as
for thuse reasons that the TSAR/TSARINA simulation
models have been developed.

2. MODEL DESCRIPTION
2.1 General

The anly constraiuts on the continuous recycling
of ancraft an wartime are the reguirements for
adequate launching surtaces, the availability ot
divirews, mumitions and  fuel, and the necessary
maintenance  to peamit the arrcraft to fly
milttarily usetul sorties. Uf these constraints
the last 1s the most complicated since 1t involves
complex  interdepeadencies among a4 variety of
reLources., Without maintenance constraints,
estimation of an airbase’s sortie potential would
be relataively strajghtforward and would require
Tittle or no complex analysis. But  if these
maintenance constraints are to be analyzed under
the ampact of (1} a "surge” flight program, (2)
extensive aircratt  battle damage, and (3) the

highly vrtegular patterns of damage to cunsential
base  tacilities  that would be experrenced during
arrbase attacks | vt v ampertant that the analysis
procedure anclude sufticient detayl so  that the
tritical etfects of these factors can be captured.
linless  these possabilities  for boettlencoks, as
well as the emergency procedures  that  could  be
adopted, are acknowledged, the likely behavinr ot
an airbase during wartime operations could hardly
hope to be represented.

TSAR and TSARINA are Monte Carle models designed
for these kinds ot examinations. TSARINA
simulates user~specitied air attacks, and
estimates the losses and damage to various classes
of resources and to key facilities. TSAR
simulates ithe sctivities at each of a4 set  of
interdependent  airbases, that are supported by
shipments from the limited States and by
intra-theater transportation, communtcation 4nd
resourve management systems. The nature ot the
TSAR/TSARINA simulations and their interactions
are suggested 1n Fig. 2. An impertant objective
in the original design formulation was to achjeve
a sufficiently high speed of ovperation «o that the
extensive sequence of runs so frequently necessary
in rescarch and  analysis  would be  economicaily
practical. Adaptation ot existing
maintenance mode s (e, LEOM,  SAMSOMY  wa

rejected tor several reasons, including the rxtent
of the moditications that would have been require!
and the prohibitive costs that would be ansyate !
with their use for problems vt the si1ze that  were
contemplated. The resaftant | custom-desipped
program achieves a substantially higher  speed by
virtue of more efticient processing, and by taking
advantage of the recent dramatic sncieases in the
size of the core storage ot modern computers.

attbuane
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The classes of resources that are treated include
aircraft, aircrews, ground personnel, support
equipment , aircraft parts, aircraft shelters,
munitions, TRAP*, fuel, building materials, and a
variety of airbase facilities. Many different
types of each resource class are distinguished.
On-equipment maintenance tasks, parts and
equipment repair jobs, munitions assembly, and
facility repair tasks are simulated for each of
several airbases. Asset accounting for each of
the eleven classes of resources, and for each type
within each class, permits assessment of a  broad
range of policy options tLhat could improve the
efficiency of resource utiflization on a
theater-wide basis.

TSAR is read:ily adaptable to  problems across
broad range of complexity. When specific features
are not needed for the examination of a particular
issue, they simply need not be used. Thus, TSAR
permits one to represent either a single base, a
set of independent airbases, or a set of
interdependent airbases, without any adjustment or
moditication of the program. Simiiarly, the use
may net wish tc  examine the effecis ot asrbase
attacks, or may wish to ignore the possible
restraints imposed by shortages of AITCTOWS |
shelters, ground personnel, support equipment,
arrceratt parts, munitions, TRAP and/or fuel.  TSAR
adapts automatically to ald such problem
representat ons. And  atthough the  present
discussion tocuses  exclusively on airrcraft, TSAR
15 also in use on g Rand study of Army  readiness,
i whith  tanks  and  other army  vehicles
successfully fill Taireraft” roles  without
modification of the TSAR cade.

2.2 Airbase Activities

In TSAR, specified numbers ot aircraft of wvarious
types can be assigned to each airbase. The
aircraft of a given type at any airbase may be
supported by a common pool of personnel and
equipment, or the aircraft may be organized into
two or three sub-groups (squadrons) each supported
by its own set of resources. The aircraft are
launched on sorties in response to a set of
user-supplied sortie demands, differentiated by

“Tanks, racks, adaptors, and pylons.

base, aircraft type, mission Cyvpe  and  priority.
Flights may be scheduled, or scrambied on demand
using aircraft that have been placed on alert .

When an sirciaft s Jost on g comhatl  mission,
replacement  may  he  requested and ot will  be
received  atter o stapulated delay When arvoratft
that are not lost return, they may be  damaged,
they may  still have munitions, snd they may bave
several unscheduled maiotensnce task requirements,
The basic anput dats that govern the probabilitics
with which unscheduled maintenance  tasks are
demanded  are  derived  trom  the large data hases
developed by the Aiv Force (and  other  agencic:)
for the LCOM mudel .

The  user  1s  given substantial  flexibolity 1o
defaning the rules by which atroralt maintenance
tasks  gre 1o be processed fie may permnt the
activities of certain groups of shops  to procced
simultaneously, and sy require that the
activities of several such groups of shops proceed
ooa specitied order. He alsce may control tlese
prescptions  tar wamuftancous  and sequential
operatioens,  separately  tor cach gircratt type at
cach hare. Fig. 3 1l tustrate. Hoaw ground
spevations might be organtzed to roady an aircraft
tor  flight . i this example the three tasks in
patallel-~load guns, shelter Artrcaatt, and
chech--can all be commerced after  hupg  munt cons
have  been dealt wath and battle damage has been
repaired.  And when these tasks arve complete,  the
four  tasks shown in parallel can all begin, given
that the required resources are available. These
features  permit alternative maintenance operating
doctrine Yo be simulated and to he examined for
their influence on sortie generation capabilities.
Work speed-up and other procedures to shorten
on-eyuipment , pre-flight and off-equipment
activities also may be specified.

Each on-equipment maintenance task may require a
team composed of one or two types of maintenance
specialists, specialized equipment, a spare part,
and a specified amount of time; each unscheduled
maintenance task is either a single set of such
requirements, or it may be a network of tasks,
each with its own demands. when resources are
limited, those aircraft most likely to be readied
first (given sufficient resources) may be given
priority.

UNSCHEDULED
MAINTENANCE

Fig. 3-~Simulated Sortie Generation Procedures
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If a required part 1is not available, (1) the
broken one that is removed may be repaired on
base, (2) the appropriate part may be
cannibalized, (3) a part may be obtained from
another base, or (4) the part may be ordered from
a central source within the theater. When a part
cannot be repaired on base it may be sent to a
neighboring base or to a centralized facility in
the theater. When parts cannot be repaired within
the theater, a replacement may be requested from a
depot in the United States. Often the parts
removed from an aircraft are what are called line
replaceable wunits (LRUs) that contain several
subordinate components known as shop reparable
units, or SRUs. Repair of both indenture levels
may be simulated. Furthermore LRUs may be
"cross-canned” to obtain an SRU to repair one of
two LRUs, if the LRUs require different SRUs.

The failure and repair of support equipment also
may be simulated, and the special
“partial-mission-capable"” characteristics of
modern AIS (avionics intermediate shop) test
equipments may be represented. In addition, the
manpower intensive munitions assembly tasks may be
simulated. When this is done, munitions demands
are projected periodically to define which types
of munitions need to be assembled. Such jobs may
require both personnel and equipment, much like
other tasks in TSAR.

TSAR may be used to simulate the effects of damage
due to airbase attacks with conventional
munitions. The user specifies the time and
location of the attacks and the percentage damage
suffered by the various resources on the basis of
other calculations. The TSARINA model has been
developed specifically to generate such estimates
for TSAR; TSARINA is a Monte Carlo airbase damage
assessment model that simulates user-specified air
attacks, and assesses Jlosses, casualties, and
damage to cach of the many facilities and to each
of the various types of personnel, equipment,
munitions, fuel, spare parts, etc.

When aircraft or facilities are damaged or
destroyed by air attack, some portion of the
personnel, equipment, and parts present at these
locations because of the then ongoing tasks also
may be lost. Aircraft are kept in aircraft
shelters when sufficient shelters are available,
but it may be required that the shelter doors are
open when certain shop operations are underway at
the time of airbase attack; different loss rates
are applied in each case. Aircraft in excess of
those that may be placed in the shelters, sustain
still another loss rate. After TSAR has
decremented the various resources to the extent
implied by the damage data, the surviving
personnel are reorganized into night and day
shifts. Replacement resources may be ordered for
whatever losses are sustained. After a
user-stipulated delay to roughly account for the
disruptive effects of the attack, the surviving
maintenance personnel resume their activities to
the extent that the surviving support resources
permit, unless their facility is required and has
been damaged.

After an airbase  attack, civil engineering
personnel, equipment and building materials may be
allocated, according to a8 priority system, to

commence the required repairs onr runways aand
taxiways and to begin reconstruction of the
damaged facilities. Operation of the facilities
is resumed when they once again are functional.

2.3 Theater-Level Activities

The theater-wide management of the wvarious
resources is supported by a user-specified
scheduled transportation system that may be
subjected to delays, cancellations and losses.
TSAR also permits the user to represent a
theater-wide reporting system that can be used to
provide the central authority with periodic status
reports from the several operating bases; these
reports may be delayed, incomplete or lost.

When these transportation and communication
systems are coupled with a set of rules for
distributing and redistributing resources among
the operating bases, various concepts of theater
resource management may be represented and
examined in the context of realistic
transportation and communication imperfections.
In its current formulation TSAR already includes
certain alternatives for the theater management
rules and has been designed in a fashion that will
permit additions or modifications to be readily
accommodated.

Daily estimates may be prepared ot each base's
capabilities for generating different Kkinds of

sorties with different types of aircraft. These
estimates can be used to provide the basis tor
various aircraft management decisions. One

application is in selecting which base is to be
"fragged' with sorties tor which no base has been
specified. These data can also be used to support
assignment decisions when arrcratt must be
diverted in flight, and to redistribute aircraft
among airbases teo improve the balance between
flight requirements and support capabilities.

The options currently available for theater-wide
management of aircraft and spare parts are
suggested in Figs. 4 and 5, respectively.

in addition to simulating a set of airbases, the
user also  may specity the existence of a
cenitralized theater distribution center and/or a
centralized theater repair facility at which some
or all intermediate maintcnance is tonducted. The
centralized distribution tfacility can receive
spare parts from the United States and either
retain them until demanded by a base, or transship
(some or all) to the base with the earliest
projected requirement. The theater management
features may also be used to direct the lateral
shipment of parts and other resources from oae
base to another. The repair facility, sometimes
referrrd to as a CIRF, is assigned maintenance
personnel, equipment, and spare parts (LRUs and
SRUs) . Parts are shipped ta and from the CIRF
from the operating bases and are processed i1n the
manner prescribed by the user's choice of which
theater management rules are to govern these
operations. Parts repair priotities can he bhased
on existing and projected demands and on the
relative essentiality of parts tor the various
missions Shipment priorilirs are related to the
current and projected demands, on-base reparables,
and enroute serviceahles. When central stocks are

i
!




|
|
|

oo

CONUS
RESOURCES

ATTR
REPLACEMENT AIRCRAFT

FORWARD RESERVE
andg
Sefected Maintenance

Battle Damage
and
Selected Maintenance

ATRCRAFT REASS | GNMENT
Based on Supportability

Filler Alrcrafe
to Offset Damage
and Heavy Maintenance

ATRCRAFT DIVERSION
WHEN RUNWAY CLOSED

Fig. 4--Alrcraft Management Options

CONUS

SERVICEABLES

REPARABLES

T
N
' ~

~.

4
S
s

z

~ s
CONUS arty e, gned J \
*¢ theater manayer ut hase THEATER \
! I\ SERVICEABLES REPARABLES /|
¢ -
C y A—"")
N / \

, CiRE
N -d

/ User controls

User controls multipte
polty uptions for ‘/
lateral resupply from /

mester and/or hases / Uses controls thepter

response tu base
requests tor pary

H ‘ Repairad parts may
e conpgned to

/

‘Mot needy "

i - .
. . .
SERVICEABLES REPARABLES
-

User controls
iatersl regupply
constraints

Fig. 5--Theater Management

_———— e ‘.___-'a(’,

/ sweoritization of
CIRF repacables Y

\

\

Reparables normally NRTSeq
1o CONUS may be sent tateraily
tor repar when parts fall below
wecihied percnntage

o

\

Alternate shop for party
TRDMT May he S0ught when
Reparsbles may be base shor 1 demeged
NATSed 10 airbase.

CIRF or CONUS

Options for Spares




insutficient to meet a base's demand, another base 2.6 Technjcal
can be directed to shi™ the required part, if both
the requesting base and the dunor base meet TSAR was written in FORTRAN IV and was recently
certain conditions relative to the importance of converted to FORTRAN V (i.e. FORTRAN 77) with a
S . i
the demand and the availability of stock. minimum of difficulty. The only feature not ¥
supported by ANS FORTRAN V' is the widespread TSAR }
2.4 Gatput Statastacs usage of packed halt-word integers for data 1
storage (a feature available on [BM machines); tor %
Normal  outputs  include the number of sorties those systems that do not permit half-words to be H
flown, the maintenance tasks avcomplished, shop addressed,  data  storsge requirements (in words) ]
+ I - . -
’ performance  statistics, and resource constraint will be nearly doubled. w,
statistics.  Une optional teature enables the user !
b to observe the daily activaity of 24 aircraft in Currently TSAR consists of  some 135 subroutines 3
detail. Data may be displayed on a daily, trial, and functions with a total of 240 entry lucations;
E. ] or multiple trial basis. While the output options the source code consists  of somewhat mare than .
| that are provided permit the user to examine a 33000 card images, exclusive of the Commaon L‘
suintantoil portion of the more relevant results, statements. Core storage for the executahle I
! 11 possible osutputs certainly are not  avatlable. statements is approximately 425K bytes (8 bits) oun i
, Cirs tom adifitions van  and  should be readily an IBM  370/3032 when an etficient overlay
g included by users as the need arises. structure s usedl.  The additional core requived >
. for data storage s indicated an Fig. 6 ter o
Joo Vatedation current  contiguration; turm bhimats amposed by the
. program architecture are also indicated.
el The airvraft representation used during much  of
9 TSAK « devefopment wasn based on an LCOM 1nput data A drude, but serviceable,  raie ot thambhoee v
. ook for the F-4E obraaned trom TAT headynarters TSAR™ s computat: nal  ettrciensy i be expre e
at Langlev  AFR. Validation ot single-base moterms of  sovtaes simolated per VP mrnut.
L eprrations has teen Jlmited to comparisons of TSAR Although  ~uch a meanure natoralic varsr e o1 th the
b resalte with 0™ resnlts, and with an exercrse at complexity of the oepresentation,  the leve] ! i
Hahn Avrbase; although these comparisons have not thester aotavity, and  the exteat of the on-b..
F Leen ander suttyodentiy contrelled  conditions  to shortages, .« majority of our analyses have 1an gt
% constrtute  termal vabidatson,  the  results have 2000 o 3000 sorties  per CPL mainute onoan PEY
4 been quite simetar. bor multipie-base aperations, J70/3082 .0 Cases that  anvolve  heavy  damage a6
f vatidation has  been Limeted o checking  mode) extensive shortages have dropped to as dow g0 1000
‘ utputl agarnst projedted tesults for many hundreds to 1500 sovties; CPU minute, and the examinst pons
i gl test o oruns. An actaivity s currently underway ot Army readiness regularly attarned o
i at Wright-Patterson AFB 1o <onduct a detailed surties/CPL minuty
comparison  of the results obtained from LUOM runs
N with results generated by TSAR, using a compressed
) version of the same F-16 1nput data that will b
used in their LCOM simuiations
k Resource Types
Bases 7(9) Personne! 100 (320)
AC Types 29 Equipment 100 (100)
Aireraft 400 Munitions 25 (100)
Aircrews 800 TRAP 25 {(100)
Missions/AC b {5) LRUS, SRUs 600 (3200)
Shelters 1 per base
Procedures Yasks & Queves
. On Etquipment Tashs 750 (5000) Ongoing 1000
Part Repair 750 (5000) Parts 250
X ! Damage Data 2000 Waiting 1200
H CONUS Cargo 2500 interrupted 400
fntraTheater Cargo 2000 Deferred 4000 ¥
: +
X Equipment Repairs 100 (5000) Parts Delay 1500 i
B
H
COMPUTER DATA i

SPACE: Instructions 450 X (300 - 500) Bytes
Storage 550 K (100-1000¢) Bytes
Totat 1000 K (40D 1500+) Bytes

SPEED:  1000-6000 Sorties/CPU Min

Fig. 6--TSAR Dimensions and Storage Requirements
Current (Max)




oA RECENT APPLICATION

fnoa recent analyvsis, we examned the  (simuiated)
wartime activities of  three Air Force units an
West  Germany--72  F-4ks  at g marn vperating base
(MOR) and twvo 24 F-4E syuadrons that  are to be
deployed to collocated operating bases (CUBs) when
NATO torces are mobii b rzed. Fachi hase  was
tesonrced with the personnel, equipment, and spare
parts normal for such bases; the lateral  resupply
atd repdair of  spare parts  wan o supported by a
transportation svstem that proviyded daily
deliveres., Although the results are, ot course,
specitic to this set of bases and resources, these
bases are a reasonably vepresentative slhice ol the
theater,  For the tirst week of  the war  these
untts were  directed Lo Usurge’™  al o rates of
approeximately  two-and-a-halt  sorties  per day.
Arreratt were o he {lown in groups of four (two
mnmum), daring five 60-90 minute launch  windows
over a o Ye-hour tlying  dav.  These regquirements
were  held  canstant throughout the analysis
presented here,

It ve gnnume, as s trequently done,  that  losses
will he gpstantly replaced,  and that  damaged
atreratt will not attect nortie production, these
Dpevtaves are Lareely tultalied, as shown an Fig.

e apper Line andicates the total numbers  of
cortaes that o the  three bares might o expect to
e e andes these conditions. Although  not
trpre antative of actual wartime operations, this
pertorman e 1 used a5 4 reference case for the
theer rennlte

00— S - R ——
1875 Sorties
T Wahoun arurton or e dousee
w0
No ar base attacks
$ No aircratt replecements
H
z
2 Attrtion and battle damage
100 |-
|
)
o 1 I L A 1 I H J
0 ? ) 8 8

Fig., 7--Lffects of Attrition and Battle Damayge
on Sortic Ceneratfon

we next examined the same scepario,  as it might
actually develop durtng the first week 1n wartime,

it replacements for lost and  badly damaged
aircraft vould not be made avarlable within  that
time. Wee  assumed  that  the attrition rates tor

theght operations would drop off as a4 function  of
tyme, and  would average just under three percent
per sortie during the first week. Wwe also assumed
that the damage=to=kil] satio would be  that  that
was  expetienced an the  Sontheast  Aspan (SEA)
theater, and that Lhe  manpower  requirements  for
battle  damage  reparr conld abno be based on SEA
vApErtences, As  the lower Line an tig. !
tnd1cates there would be o very  substantial

reduction R0} the coalie: aiuten thene

creonmsbatoes,

In Fag. ¥ we fave assumed, st that 72 arrogatt
will be avarlable  an replacenents within ahout

two-and-one-hall  days ol 4 Jons Performance 1s
mmproved,  but  stibi falls tar short of the

reterence  cdase, s shown by the next to fowest
curvee. rg. 8 alseo amdicates the  tncremental

mmprovement  that  might  be  achieved by having

additional  ABDK  taircratt battle damsge veparr)

specralists avarlable on Deday Cinoaddition Lo the

replacement  arrctaft. H, as presumed  here,

sattvition and battle damage  are haighest  at the

bosant e 1 the contlict, 1L 1s essential that
battle damage specralists be n place by D-day.
But  even  when  these specialaists are an place at

the heginning ot the tontlict |, there as  still

substant val  sortye shortias)] during the vritacal
frrst week.  thus  even an the  sbsence ot air
attack, 1l seems  questiondable that the planners
objectives ot o Tsurge” can be attaimmed because of
the dittveulty of maintsining o {ui!l complement ot

combiat Capable arrcratt at the torward operating

bases.

300 —c-

ABOR teams

in-place on D-gay

200
Asrcratt

H fosses replacec |

H w25 days
z |
3 Lowes
100 not reptaced
i
i
i
|
0 L I i 1 1 A i —_—
2?2 4 6 8

Davs
Fig. 8--Reducing Effects of Attrition and Battle
Damage: Alrcraft Replacement and
kxtra ABDR Personnel
And what of atr  attack? Despite  long-term A

Farce cttorts to obtain the funds needed to
shelter all arrcratt planned for deployment to the
Central  Region in Europe, Congress has strongly
resisted the necessary expenditures,  Based on the
programs that are currently funded, only about 60
percent  of  the  USAF  arrcraft expected to be an
NATO' s Central Region atter a4 week of mobitizateon
can be sheltered.  No shelters wall  be avarlable
tor USAF aircratt on some of the COBs where early
deployment as planned, and very few ol the support
factiities have any special protection,

Tn our aunalyses ot a1r attacks we assumed that one
o] the two COBs does not have shelters, bul that
the atrcratt would be well  dispersed on base,
Furthermore  we  gssumed Lhe sdame Lypes ot
constraction and  the  same locations for the
support tacilities  an tor  those  that  adtually
exist ot three hases an west Germany. The attack
Tevels examined are those that these  three  hases
mrght  expecd g f the Warsaw Pact were to amatoate
hosGifrtres with  an aar carpaigrno that stressed
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attacks on NATU S a1t assels, as 1L as  frequently
presumed  that  they would. The attacks consisted
of third-generation tighter-bombers and medium
.ombers delivering conventional munitions; the
attacks are repeated, at reduced strength, every
couple of days during the first week. Chemical
attacks and attacks with surface-to-surface
missiles have not been considered.

The air attacks we examined presumed that the
enemy would concentrate on the aircraft shelter
areas and on the concentrations of maintenance and
support facilities. Our earlier analyses examined
runways, as well as the shelter areas, as possible
enemy targets, and both types of attack would
serjously affect aircraft operations; our present
focus derives in part from the fact that many
actions are already underway in the Air Force to
counter the threat of runway attacks.

If lost aircraft are not replaced, and additional
ABDR personnel are not in place at D-day, the
sorties that might be expected to be generated in
the face of these hypothetical Warsaw Pact airbase
attacks are shown by the lowest line in Fig. 9.
Only  about one-third as many sorties are
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Fig. 9--Reducing Effects of Airbase Attacks:
sircraft Personnel, and Equipment Replacement

achieved, as in our reference case. The irregular
generation profile 1s in part due to the
assumption that unscheduled wmaintenance is
disrupted for six hours after heavy air attack;
only ready aircraft are launched and ongoing
weapon loading and sircraft fueling tasks
completed during this period. The attacks destroy
or damage over 50 aircraft, as well as substantial
numberrs of maintenance specialists, critical
support equipment, and spare parts. In addition
many parts repair facilities are damaged.

If we now presume that replacement aircraft are
available within two-and-one-half days, and that
extra battle damsge specialists are in place when
the conflict begins, the force still is uanable to
achieve more than about 50 percent of the sorties
flown in the reference case, as the next to the
lowest line in Fig. 9 i1ndicates. Some sorties are
prevented by the unpredictable losses among
maintenance equipment and personnel; when these
are also replaced within two-and-one-half days of

their loss, performance 1s imptoved soin what o, 4o
also shown in Fig. 9, but rot very much The
critical peotlem is alrframes. There  are
discouragingly small numbers of aircratt available
to respond to the demand for sorties, despite the
introduction of substantial numbers of replacement
aircraft.

Furthermore there has been serious damage to many
of the backshop facilities that will have to be
rebuilt or replaced before reparable spare parts
can be processed in order to sustain even these
limited numbers of sorties. And these problems
will be further compounded by the heavy losses
that were sustained on some trials to the stocks
of serviceable spare parts, and to munitions and
fuel.

What else can be done to improve matters? More
rapid aircraft replacement, more effectively
protected facilities, larger numbers of personnel,
equipment, spares, etc.--all of these obviously
would help. But without a means of assessing the
impact that airbase attacks will have on sortie
generation, there is limited motivation to
consider such changes to existing plans, and
without those same means there are few credible
approaches to assessing how possible changes would
improve combat capability. But with the
assessments that can be generated with
TSAR/TSARINA simulations we believe that
decisionmakers will be increasingly motivated to
make changes that will improve matters, and that
they will have a better basis for deciding which
of widely disparate options that are available
should be chosen.

4. CONCLUSIONS

TSAR and TSARINA have been designed to provide a
variety of potential users with an analytic
structure within which a rich variety of potential
improvements for theater airbases mayv be tested in
a common context. New passive defenses, new
maintenance doctrine, modified manning levels,
increased stock levels for parts and equipment,
etc., as well as a variety of concepts for
improved theater-wide resource management--all of
these can be examined with TSAR/TSARINA within =
common context in terms of their ultimate impact
on the system's capabilities tor generating
sorties.
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